High Temperature
2 High Superconductors for the

| Luminosity Superconducting Links of
LHC the Hi-Lumi-LHC Project

Workshop on Radiation Effects in Superconducting
Magnets and Materials 2014 (RESMM'14)

F. Broggi, A. Bignami, C. Santini

e R GhUKA
%‘r‘: _—

L/ Istituto Nazionale !. i 1] -
di Fisica Nucleare \ei o ’“‘}’
SEZIONE DI MILANO e

RESMM’14 Wroclaw May13t" 2014

% The HiLumi LHC Design Study is included in the High Luminosity LHC project and is partly funded by the European
............ Commission within the Framework Programme 7 Capacities Specific Programme, Grant Agreement 284404.

ol _



LASA Laboratorio Acceleratori
Superconduttivita Applicata

: gl R T e
- Francesco Broggi

;- . m |
T - l
- ._..I




——————————————— e —

Outline

* HiLumi-LHC

* WP 6 Cold Powering

* Material Comparison (MgB,, BSCCO, YBCO)

* Real cable composition and comparison vs. bulk
MgB,

 Towards the final configuration

* Boron consumption

* Fluencies in the LHC upgraded configuration

—————

LHC
f RESMM’14 Wroclaw May13th 2014 3



Previous Experiences on Magnet
Energy Deposition ()

ISTITUTO NAZIONALE DI FISICA NUCLEARE

Seainee i Milanu

e Study of a new Nb,Sn
design for the LHC
insertion quad started in o e o s
1995, suggested by the P AL 0 Sy QUDRIRAE Moo,
Milan group (L.Rossi)

ISFM/TC L0851
11 Betbembire [u5

U@] ISTITUTO NAZIONALE DI FISICA NUCLEARE

Sezione di Milano

INEN/TC-99/04

e Ended in 1998

(1999 final report)

STUDY OF THE STABILITY OF THE LHC LOW BETA INNER TRIPLET FOR
ANB,SN DESIGN
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Previous Experiences on Magnet
Energy Deposition (ll)

NED (ev) - Candia (nen); EUCARD — HHH
Study of the LHC Phase Il upgrade

* AMTW Accelerator Magnet Technology Workshop on beam generated heat

deposition and quench levels in LHC magnet, CERN, March 2005

* 3rd CARE-HHH-APD Workshop LHC-LUMI-06

‘Towards a Roadmap for the Upgrade of the CERN & GSI Accelerator Complex’
IFIC, Valencia, Spain — 16-20 October 2006

* CARE-HHH-APD Mini-Workshop IR'07 Frascati, November 2007

Luminosity
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Previous Experiences on Magnet
Energy Deposition (ll)

* After the LHC accident there was a stop in the upgrade
studies

e Start again with the SIT (Superconducting Irradiation
Test) because of lacking on informations and data on

radiation effects on the magnet material Nb,;Sn
- Ti
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Hi-Lumi-LHC Project
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WP6 Stru Ctu re (Coordinator A. Ballarino (CERN),

“Cold Powering”

Deputy coordinator F. Broggi (INFN))

Task 1 ) Integration - Prototypes construction

Coordination ) - Cryostat

CERN/INFN Civil engineering
- Prototypes test
Task 2 PN Interfaces
Cryogenics [ _(mech, vacuum, electr) - System design
CERN - Serie ification
> Vacuum s specificatio

- Series construction

Task 3 - Integration
“?|  SCcables/SC link 5 .
Electr. Transf. - Operation
Cryostat
Univ. South “?| Cryostat of SC link

Task 4
Energy Dep. |—

Material Fluka team
INEN PN Protection

@?ﬁ;’gl osity T

> Current leads




Cold Powering via Superconducting Links

Advantages of remote powering:

-Safer long-term operation of powering equipment (power converters,
current leads and associate auxiliary devices) located in a radiation-free
environment;

-Safer access of personnel to equipment for maintenance, repair, diagnostic
and routine tests interventions;

- Reduced time of interventions on power converters, current leads and
DFBs if the powering equipment is located outside of the tunnel areas —
gain in machine availability ;

- Free space in the beam areas which becomes available for other
equipment.

e Courtésy 6f Amalid Ballarino
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Whereinthe LHC?

P5

cMS |

_ AN Betatron
ATLAS P8 | Cleaning
ATLAS Pl Collimators

etﬂ%m. Ballarino, 05/03/2014
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Distribution Feedboxes removed from LHC Tunnel

7

A. Ballarino, 05/03/2014

LHC




Point 7

Current Leads and
Power Converters

LHC P7: Cleaning Insertions

Underground Installation L

e;hﬁ.. Ballarino, 05/03/2014

e ——
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Superconducting Link at LHC P1

@ A Ballarino, 05/03/2014
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Material Comparison

MgB, BSCCO YBCO

Particle
debris

—
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Primary Fluencies

(Q1-Q3 Collar-->Yoke)

15

—

Kinetic Energy by Particles Entering the Yoke of Q1

(ITTTT

1000 7+7TeV p-p events
1.83E2 TeV Kinetic Energy
3.46E3 TeV Total Energy

22306781 particles
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1000 7+7TeV p-p events

22306781 particles
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1.83E2 TeV Kinetic Energy
3.46E3 TeV Total Energy

29% of the kinetic energy is from photons

21% from neutrons

31% from pions
1.5% of the total energy is from photons

83% of the particles are photons
94% from neutrons

15% are neutrons
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Material Comparison same scale

MgB2 First Quadrupole Joke, Energy deposition BSCCO First Quadrupole Joke, Energy deposition YBCO First Quadrupole Joke, Energy deposition
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Simulation progress

e BSCCO and YBCO are similar (for the energy deposition and DPA
aspects); MgB, has a slightly lower energy deposition

e Definitive definition of
the cable geometry and
material composition

Cu
MgB,, ® = 0.85 mm
18 MgB, wires

®=6.5mm
e Simulation of this cable Cable layout
. - 6x20kA , 7x3KkA,
aside Q1 (P1 geometry), P p—— O S
tO Compare the bUIk Mng Courtesy A. Ballarino
cable with the composite one

e ———




Cable Material Composition

Material composition of the cable for the Montal@aimulations

@ LHEC
f

High
Luminosity

MATERIAL | ATOM CONTENT | PARTIAL DENSITIES

(g/cm’)

MAGNESIUM 0.1225 0.2192

BORON 0.24501 0.195

COPPER 0.48231 2.2563
HYDROGEN 2.03E-02 1.51E-03
CARBON 4.88E-02 4.31E-02
NITROGEN 4.07E-03 4.19E-03
OXYGEN 1.02E-02 1.20E-02
HELIUM 8.89E-03 2.62E-03
IRON 4.05E-02 0.16655
NICKEL 5.55E-03 2.40E-02
CHROMIUM 1.19E-02 4.55E-02

The resulting density of the cable is 2.97 glowith a radiation length of 4.846 cm.

e —
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Material (cane) Comparison

6.5 cm

I

Kinetic Energy by Particles Sidely Escaping from Q1
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of the kinetic energy is from neutrons

from pions

68%

17%

———
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6% from protons
5% from photons
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Cable Comparison

Energy Deposition

DPA
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Towards the Final Configuration

The definitive layout will be frozen in the future, so we simulated
the energy deposition in cables running parallel to Q1 (as done so
far) located at different positions.

- in contact with Q1 (Near case)
at 0°, 90°, 180° and 270°

- at 1 m distance from the magnet
(Far case), at the same angular

position. -




MgB, cable aside Q1 (Near case)
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Mng cable at 1 m from Q1 (Far case)

Energy Dapostion WMgB2 Top
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Dose and DPA

Total Dose and Average DPA for the examined cases
(Data nor malized at 3000 fb™)

Near Far
Cable Dose (kGy) £ DPAzerr% Dose (kGy) £| DPAzerr%
err% err%

1 (6=0°) 32.8+0.5 2.3E-06 £ 0.4 7.1+£1.2 4.8E-07 £0.8
2 (6=90°) 38.7£0.3 2.5E-06 £ 0.3 7621 5.0E-07 £ Q.7
3 (6=180°) 35.3+£0.6 2.4E-06 £ 0.4 6.5+1.8 4.8E-07 £ 1.0
4 (6=270°) 34.2+0.5 2.3E-06 £ 0.2 7.4+£1.3 4.9E-07 £ 0.6

As we can see the values of dose and DPA should not endanger the cables.
Let’s remind that this configuration is a conservative one, being aside the first quad.

High
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Boron Consumption

[ 5-B-10(n,alpha) ENDF /B-VII.1 |

B,..= 80% 1B + 20% 1°B

10 7y E E+3

5 B+n- 3 LI +a §
108 slow neutron cross section for this reaction is N El
about 4x10° barn at room temperature (E,=0.025 eV)
and 1.5x10%barn at 20 K (E,=0.0017 eV)

} } } } } } } } } } } } }
E-5 E-4 E-3 E-2 E-1 E+0 E+1 E+2 E+3 E+4 E+5 E+6 E+7
Incident Neutron Energy (eV)

Nint _ Nna n1oBd Nna nlOBd _ Nn0-4 02: 1021 1_5|:|_0_204

No NV Ny n(djzl m " 716.51000

02 \2

02=610" = 006%

We assume pure bulk of boron, aside the first quad, with an integrated (on 3000 fb)
neutron fluence of N =10%! (all assumed as thermal, and all focused to the cable)

The neutrons impinge perpendicularly to the axis of the cable cylinder.

High
Luminosity
LHC




Powering Scheme and Links Layout

SC Link 1
! 1 Quads
1 Trim Q2a
Q2b and Qzb
Leads 0.2 kA 17.3 kA

.................................................................

ATLAS

For this configuration the link coming from
the surface will arrive just after D1 (at about
80 m from IP) and will run aside the quads

1K 43K K 3k 1, =
Q1 Q2 Q3 D7 D2 Q4 Q5 Q7 |
7
TAS  MOXA  MOXE  MOXADFBX  MBXW |MBRC MQY, MOML] MOW | ME
IP1 ] M __l" frm o " ——:—
= |
T
FEEE L L
18 13_1 G| e i) ss fansg o) LI 1] 34q| HEEALE 241
105 15,05 |1z | ° |68
22965 21965 M4l amr|  omm | 62705 345 |uaglay 2R Y} 211 45 LT -
258901

High
Luminosity
LHC
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What’s Next

* Implement the Links geometry in the LHC
Layout in FLUKA

e Simulations for Point 5 it can be guessed a more relaxed

situation as from previous studies on the energy deposition in the low-[3 coils.
IR'07 Frascati 8 November 2007 :

https://care-hhh.web.cern.ch/CAREHHH/IR07/Proceedings/IR07%20Session%205/S5-1-Broggi IR07 A4.pdf,
http://indico.cern.ch/event/19477/session/4/contribution/21/material/slides/2.pdf
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AnCi"ary StUdies (interaction of Tt and TT with matter)

* Different way of interaction for Tt and T
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Layout of SC Link at LHC P1 and P5

R Cu
MgB,, @ =0.85 mm

18 MgB, wires
®=6.5mm

20 kA
Six cables, ® =19.5 mm

Concentric = 3 kA
Seven cables, @ = 8.4 mm

0.4 kA
Four cables

3 0:12 kA Pext 165 mm
@ Eighteen cables

——
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